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COMPLETE SPEOHCATION 
Process for the Production of Porous Polyethylene Bodies 

We, RraiRCHEMiE Aktiengesellschaft, a and/or mechanical pre-treatment In addition 
Germany, do hereby declare tke invention, for tioned above, the pouring to be treated mav 5n 

tZrr^A f'l'^^^^A .''y ^^^^1 " f .to be highly polymeri^d materials of I SInt 
performed, to be paruculariy desaibed m and kind consisting, for example, of polvXene 
by the foUo^g statement.— polyisobniylenl polyethylene of a moS^ 

The invennon relates to a process for the weight lower thii 75000,^d sS 55 

10 masses admixed with or m the particulate or pulveru- 

It, has been found that porous bodies are lent polyethylene. Examples of fillers wMch 
obtained wJien pourings or masses of small may be used include maSsiL SbSte 
parucle size, particularly pulverdenli pdy Meselguhr, caldum carbonater^oi^SSm 60 
l^y^l^n^™^ 5 molecular weight greater white and similar materials suited f w Si 

^= fmml^^Z '^'^ ■ rt'^^Jr. greater than ing of synthetic r^tos ^ 
100,000, TOth or without the simultaneous use The temperatures employed in'the process 

perS^S^SjSISS^' ^Xj't ' thefts 
perature between 120 C. and that tempera- heatmg are dependent upon the pressures used « 
ture at which, mida the pressure employed, and u^on the finished produtts SeT H no 

20 decomposition and/or gelation of the poly- external pressure or od/r^ryTow mech- 
ethylene occms. _ Gelation as used in lie anical pressure (e.g. a p™e of below 30 

present specification is to be understood as the grams/sq. cm ) is appIiS Xn the t.ZJo 

ormation of structure having, a glassy, trans- Sres r^uir^ L bSn ifo^C aSoS 70 

« polXEeT^rfS.^"^" r ^ I* ^ f^^'^ible m aJc^dS^'^ithS ^ 

25 polyethylene is preferably below 1 mm, and invention to prepare cork-]iIc*> hnnT™ %tr,A», 

advantageously below 0.3 inm. Ethylene pdy- differei^ c^diS if ^jJo poSbTe ^ 

mers havmg mdecular weidits of more than a certain ran^*' tii«» . ^ i 

75000 and WeraWy of £e Ih^ 100,000 ISl^Tj.^^ to "SKS S « 

can readUy be produced by means of suitable to density porosity, lid thermal conducS " 

30 P°^en;aaoa catalysts at pressures below To obtaiJi ^cork-ll; bodiSr^ S S 

aSut W'C temperatures up to avoid the use of too high pressures i^ JSng 

. Theshapingorformingofthepolyediylene S^^iTSith SnJ; qlSS 

into small particles may be effected in any as, for example, at 0-50 gmsysrc^ W^^' 

35 suitable manner Apart from pulverulent polyethylene having iSSecu& wekhte 

r^c'^H'in'^.l^f"^^'*?^'^' particles may also between 300,000 and 600,000, for e3e 

be used m the form, for example, of granules, temperatures ranging betv^een 130' C^d 

fibres, scales, rmgs, discs, or wire sections, about 170° C must be annHerf fiL.r Vt, 

mbe sections, sheet sections or smaU polyl condition?, T^eJat^siT 170° C 

40h^ons. Mixtures of small particles of porous bodies are obtai^d Ae deni of 

different shapes may also be used. For which is higher than that of code Serd 

example, granules or scales mixed with fibres the hardness of the porous bodiS i^faS 

or sheet sections may be processed. die temperature increases The on 

It is of particular advantage to use the strength of the nor(^ orodum ^ 

45 palyethylenedirectiyin&estatemwMchitk be inSal by Su^'Se liS*^! 

obtamed m the polsmeriMtiOn. This material, sufficiently long period rfliM T^«ti J 

however, may also be subjected to a thermal may be effecJ^ia eLSprel^e w3 
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may be produced by mechanical pressing 
devices, particularly with stamps or pressing 
plates. A reduction in the volume of the poly- 
ethylene will always occur dui-ing the treat- 
5 ment in accordance with the invention. 

The heating of the pulverulent or particu- 
late polyethylene is preferably effected in the 
absence of air, for example, in vacuo, or in an 
atmosphere of a gas which is inert to the poly- 

10 ethylene under the conditions of the treatment, 
for example, nitrogen. 

The heating required for the production of 
porous masses cm be eifected in any suitable 
maimer. For this purpose, the outside walls 

J5 of the vessels in wliich the pulverulent or 
particulate polyethylene is contained may be 
provided with tubes or heating jackets tlirough 
which liquid or gaseous heating media are 
passed, for example, steam, water under pres- 

20 sure, or organic liquids. The heat may also 
be supplied by means of hot inert gases or 
steam which are direcdy passed through the 
small particle size pourmgs being processed. 
The use of induction heating is not tech- 

25 nically feasible viith pulverulent cr particulate 
ethylene polymers because the pol;/merised 
hjrdrocarbons exhibit practically no Siclectric 
lo'ss. When processing pulverulent or small 
particle size mixtures which, in addition to 

30 polyediylene, contain materials having a suffi- 
cient dielectric loss, for example, if mixtures 
of polyethylene and polj-^onyl chlorides, poly- 
amides and similar polymers are in-i olved, or 
when mineral fillers are admised with the 

35 polyethylene, a dielectric headng of the mix- 
tures can be effected. This method of heating 
has the advantage that pourings of great 
volume and/or large cross section can be uni- 
formly heated throughout. 

40 The production of die porous masses may 
also be effected by stage-wise heating. In this 
cas^ tiie small partide size pourings contain- 
ing ethylene polymers are treated, for example, 
in two stages with increa-"'— " — — " 

4S and, if necessary or desired, 
of heating. 

If the pulverulent or particulate ethylene 
polymers or polymer mixtures are placed in 
containers and are heated therein under a 

50 slight pressure, then the porous bodies maj 
be given their final shape durmg production. 
By usmg containers of circular or poiygonal 
cross section tliere may be produced corre- 
spondin^y profiled reds or strips, particularly 

55 cyUndrical rods. Porous plates, of rectangukr 
section or of dished form may be produced in 
flat containers or by means of shelved presses 
the metallic, intermediate plates of wliich are 
brought to tiie requisite temperature by liquid 

60 heat-transfer media. Porous bodies in various 
other shapes may be produced from puiyau- 
lent polyethylene or polyethylene-containing 
mixtures by means of beatable moulds. 
The porous bodies prepared in accordance 

65 with the inwntion can be sliaped in various 



ways by mechanical machining operations, 
such as by pressing, cutting, stamping, or by 
cuttmg operations such as turning, drilUng, 
milling, sawing, jjlamng. 

By ra'tue of their properties, the new porous 70 
masses are particularly suitable for many pur- 
poses such, for example, as heat insulation, 
sound absorbers, floating bodies such as life- 
belts or life-jackets, various articles or insu- 
lating media in the electrical and cable indus- 25 
tries and for ardcles of many other kmds. 

It has also been found that porous _ bodies 
produced in accordance with the invention can 
hi oxidised superficially with hot air in such 
a manner as to form a thin layer on the surface 80 
which is impermeable to gases and liquids, for 
example, to water. In this manner shaped 
bodies of porous polyediylene can be pro- 
tected against the penetration of gases, vapours 
or liquids. For this purpose the bodies to be 85 
treated are for example, exposed for a short 
ume to a stream of air of a temperature of 
170' — ^200 " C. By such a partial oxidation of 
the surface, the interior of the porous body 
undergoes no change while the outer surface 90 
is rendered impermeable or becomes more 
impermeable. 

For heat insulation purpose;;, the porous 
bodies may be used in the form of sheets, 
dishes, strips or tubes. The porous bodies 95 
may also be used in a comminuted slate, for 
esauiple, of the size of peas or nuts, for heat 
insulation. The porous bodies are particularly 
suitable for insulation at low temperatures 
since tliey suffer no substandal loss of elasticity joC 
even at very low temperatures, for example, 
die temperature of liquid air. It may be of 
advantage ui this case previously to oxidize 
shaped insulating bodies superlicially in order 
to prevent the penetration of moisture. lO! 

For elccuotechnical purposes, the extremely 
low loss angle of the porous bodies produced 
according to the invention is of particular 
advantage. For this reason, materials of this 
kind can be used with great advantage in the IIC 
producdon of cables of ail kuids. Due to the 
very good heat-pressure resistance, they are 
particularly suitable for use as spacers for 
high-frequency cables. 

The invention is illustrated in the following m 
examples: — 

E.X;\MPLE 1. 

A mould prepared from sheet aluminium 
and havmg a width of 20 cm., a length of 
30 cm. and a depth of 5.5 cm. was filled with 12( 
300 grams of pulverulent polyethylene having 
a particle size of less than 0.3 mm. the average 
molecular weight of the polvethvlene being 
300;000. After having carefully put on a 
cover wbich fitted into the mould and which 121 
was loaded with 16 kg., corresponding to a 
mechanical surface pressure of 26.7 gms./sq. 
cm., the mould was maintained in a heating 
cabinet for three hours at a temperature of 
150' C. From the polyediylene which had 13( 



been charged m the pulverulent form, there 
was obtamed a white porous plate which could 
readily be machined by cutting, sawing or 
drilling. The plate had a density of 0.27, a 
5 porosity of 75%. and a thermal conductiwty 
of =0.040, properties which correspond 
closely to the properties exhibited/for 
example, by cork. 

Example 2. 

10 The mould used in Example 1 was 
employed with two charges (a) and (b), each 
of 500 grams, of polyethylene having a particle 
size of less riian 0.3 mm. and an average mole- 
_ cular wei^t of 500,000. The cover of the 



mould wifli charge (a) was loaded with 26.7 15 
^s./sq. cm. and with 3.3 gms./sq, cm. for 
charge (fa). Both of the charges were placed 
iL^^ ^ heating cabinet maintained 
at 175 C White porous plates were obtained 
m bodi cases. The plate from charge (a) had 20 
a thickness of 1.8 cm. and that from charge 
(b) a thiclcness of 3 cm. Both of the plates 
puld be machined by cutting, sawing or drill- 
mg. The plate produced from charge (a) 
k£ ^^^^'^^ ^' machined W'a 25 

The plates had the following densities, poro- 
siues, and dermal conductivities: 



30 



Charge 


Load 


Density 


Porosity 


Thermal 
Conductivity 


(a) 
(b) 


2e.7gms./sq.cm. 
3.3 gms./sq. cm. 


0.54 
0.33 


45% 
67%. 


0.C95 
C.048 



Example 3. 
Glass cylinders of 35 mm. internal diameter 
and 200 mm. length were each filled widi 25 
grams of the same batch of polyethylene as 
that used in Example 1 and which had pre- 
15 viously been freed extensively from air by 
repeated evacuation with the addition of nitro- 
^^nn^ ^y^'°*^^'=al piece of iron of a weight 
ot ZOO grams, corresponding to a loaiof 21 
gms./sq. cm., was placed on lie surface of the 



pulverdmt polyediylene in each of the cylin- 40 
ders. The glass cyhnders were placed in an 
on bath which was maintained at the tempera- 
toe desired. The polyethylene charges were 
mamtamed in a mtrogen atmosphere for the 
enure duration of die treatment in the bath, 45 

The properues of the porous cylindrical 
bodies obtained at different temperaLKsare 
summanzed in the fbUowing table -Z^ 



Temperature 
'C. 


Duration of test 
Hrs. 


Density 


Porosity 


Thermal 
Conductivity 


200 
225 
250 
275 
300 


1.5 
1,5 
1,5 
1.5 
1,5 


0,58 
0,60 
0,63 
0,65 
0,66 


40% 
38% 
35% 
33% 
32% 


0.110 
0,115 
0,118 
0.122 
0,142 



Example 4. 
25 grams of polyethylene of an average 
molecular weight of 300,000 and having a p^- 
ticle size of above 1 mm. were maintained for 
1,5 hours at 150° C. under a load of 21 grams/ 
55 S3, cm, m a glass cylinder having the dimen- 
sions set forth in Example 3. The porous 
cylmdrical body obtained had a daasity of 
0.44, a porosity of 55% and a thermal con- 
ducuvity of =0.071. 
60 Example 5. 

A cylindrical porous body which had been 
produced by treating polyethylene having an 
average molecular weight of 300,000 and a 
particle size of below 0.3 mm. for 1.5 hours 
65 at 175° C. under a load of 21 gms,/sq, cm 
was superficially melted wifli a hot air stream 
of 230° C. This resulted in the development 
of a glassy, continuous surface on the cylin- 
drical body. The cylindrical body was after- 
20 wards nnmersed in water for 24 hours; no 



mcrease in the weight of the body occurred 
durmg this treatment ^ "ccurrea 

What we claim is: 

1. A process for die production of porous 
polyethylene, which emprises subfectbg 75 
smaU particles of polyethylene of a mo ecul J 
weight greater than 75000 to heattog 
temperature which is not less than 120° C 
and which k below that temperature at which 

SS'Xs.^'/'^^^^^'^-^^^^p^^^o 

2. A process for me production of a body 
of porous polyediylene, which comprises S 
mg wift or without the simultaneous appuS- 
tion o mechanical pressure, a quantify of 85 
particulate polyethylene having a ™La 
weight grater flian 75000 to% te^Sre 
between 120° G and that t«nDerani4 at 

ponditionsnrSu^ 



3. A process according to Claim 1 or Claim 
2, in wMcli the polyethylene is of a molecular 
weight greater than 100,000. 

4. A process according to any one of the 
5 preceding claims, in which another highly 

polymerised material is admixed with, the poly- 
ethylene prior to the heating. 

5. A process according to Claim 4, in which 
the other highly polymerised material is one 

10 or more of the members of the class compris- 
ing polystyrene, polyisobutylene and low mole- 
cular weight polyethylene. 

6. A process according to any one of the 
preceding daims, in which the polyethylene is 

15 largely or wholly in i>ulverulent form. 

7. A process according to any one of Claims 
1 to 5, in which .the particles of polyetliylene 
or of the pdyethylene-containing mixture are 
in the form of granules, fibres, scales, flakes, 

20 rings, discs, wire sections, tube sections, plate 
sections or small polyhedrons or mixtures 
thereof. 

8. A process according to any one of the 
preceding claims, in which the pdyethylene or 

25 the polyethylene-containing mixture contains 
or is in adroixture with a.4ye and/or a filler. 

9. A process according to any one of the 
p'ecsding claims, in which tlie heating is 
effected in the absence of air or oxygen. 

30 10. A process accordm^ to any one of the 
preceding claims, in wmch the heating is 
effected imdet vacuum. 

11. A process according to any one of 
Claims 1 to 9, in which the heating is effated 

55 in an atmosphere of an inert gas, such as nitro- 
gen or carbon dioxide. 

12. A process according to any one of the 
preceding claims, in which, without the use 
of external mechanical pressure or at only 

40 moderate pressure, the temperature emjdoyed 
is below about 400° C. 

13. A process according to any one of the 
preceding claims, in which, when a porous 
body having cork-like properties is to be 

45 obtained, the temperature employed is from 
130° C. to approximately 170° C. with no 
external pressure or with oidy moderate pres- 
sure. 

14. A process according to any one oi the 
50 preceding claims, in which the heating is con- 
tinued until the porous product attains the par- 
ticular mechanical strength desired. 

15. A process according to any one of the 
precedmg claims, in which tlie healing is 

55 effected in two or more stages. 

16. A process according to Claim 15, in 
which different temperatures and/or different 
pressures are used in two or more of the steges, 

17. A process according to any one of the 
50 preceding claims, in which the supply of heat 

to the polyethylene or polyethylene-containing 
mixture to be processed is effected by means 
attached to the outside walls of the reaction 



18. A process according to any one of Qaims 65 
1 to 16, in which the heatmg is effected, in 
whole or in part, by passing a preheated, inert 
gas or vapour through the polyethylene or 
pclyethylene-containmg mixture. 

19. A process according to any one of Qaims 70 
1 to 16j in which the polyethylene is heated 
by means of a high-frequency electromagnetic 
field, the polyethylene being in admixture with 

a high polymer or a filler having a dielectric 
loss which is adequate to permit the polyethy- 75 
lene to be brought to the requisite tempera- 
ture by such means. 

20. A process according to any one of the 
preceding claims, in which the heating of the 
polyethylene or polyethylene-containing mix- 80 
ture is effected in a mould or like vessel 
whereby the porous product is obtained in a 
desired shape. 

21. A process according to any one of the 
preceding claims, in which the surface of the 85 
porous product is rendered impermeable or 
made more impermeable by partial oxidation. 

22. A process according to Qaim 21, in 
which the partial oxidation is effected in a cur- 
rent of ak at a temperature in the range 170° 90 
—200° C. 

23. A process for the production of a porous 
body or mass comprising polyethylene, sub- 
stantially as hereinbefore described. 

24. A process for the production of a porous 95 
body or mass comprising polyethylene, sub- 
stantially as heremhefore described with refer- 
ence to any one of the examples. 

25. A process according to any one of the 
preceding claims, in which the polyethylene lOO 
has been obtamed by the polymerisation of 
ethylene at a temperature not substantially in 
excess of 100° C. and at a pressure below 200 
kg./sq. cm. 

26. A process according to Qaim 25, m 105 
which the polymerisation is effected at a tem- 
perature in the range 20°— 100° C. 

27. An article comprising porous material 
produced according to the process claimed in 
any one of the preceding claims, no 

28. An article according to Gaim 27, the • 
density of the porous material bang less than 
the density of water. 

29. A spacer or other insulation member 
for use in a cable, particularly a high frc- US 
quency cable, comprising the product obtained 

by the process claimed in any one of Claims 
1 to 26. 

30. Heat or sound insulation means, com- 
prising the product, in granular or other form 120 
obained by the process claimed in any one of 
Claims 1 to 26. 
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